INTRODUCTION
Newer methods of ocular anesthesia have emerged to complement the advanced techniques and instrumentation of modern -day cataract surgery. Local anesthesia has become preferable to general anesthesia for cataract surgery. The advantages of local anesthesia are well known and include: more rapid arnbulation, the ability to perform the procedure a" an outpatient. avoidance of complications associated with general anesthesia, and quicker surgery (Patel et al., 1996) .
Methods of local anesthesia for cataract extraction include: retrobulbar, peribulbar. subconjunctival, and sub-Tenon application of local anesthetic solution (Ducker et al., 1991) . Retrobulbar anesthesia has been associated with a number of potentially serious complications including inadvertent globe perforation, retrobulbar hemorrhage, orbital infection, central retinal artery occlusion, damage to the optic nerve, intravascular or intrathecal injection, postoperative diplopia and ptosis (Morgan et al., 1988) . Peribulbar anesthesia eliminates the risk of optic nerve trauma, and lessens the chance of retrobulbar hemorrhage. However, the risk of globe perforation still remains (Kimble et al., 1987) . Topical and intracameral anesthesia are new options for pain control in modern cataract surgery. Topical anesthesia has been shown to be a safe and effective alternative to retrobulbar and p«.ibulbar anesthesia (Duguid et al., 1995) . Topical anesthesia provides adequate anesthesia for phacoemulsification, with immediate recovery of visual acuity after surgery. However, the significant downfall of this technique lies in its failure to provide adequate motor and sensory anesthesia, when only topical drops are used. This may lead to an increased risk of intraoperative complications due to unrestricted eye movement and insufficient pain control. The lack of optic nerve blockade may also result in intolerance of the microscopic light (Fukasaku and Marron, 1994; Kreshner, 1993) . Subconjunctival and peribulbar anesthesia have been recommended as supplements to topical anesthesia. (Anderson, 1995) .
Intracarneral anesthesia has also been introduced as a possible method for providing additional anesthetic effect to topical anesthesia. Injection of the anesthetic agent into the anterior chamber is reported to be beneficial in reducing patient discomfort during surgery (Karp et at, 2001 ). Intracarneral techniques have included the injection of preservative -free lidocaine hydrochloride I % or preservative-free bupivacaine hydrochloride 0.5% into the anterior chamber prior to phacoemulsitication. Since these drugs are not formulated for intraocular use, there is a concern about the efficacy and safety of this technique. particularly possible toxicity to the corneal endothelium (Karp et al., 2001 ).
Although clinical studies have claimed no adverse effects of this technique. adequate laboratory studies have yet to be performed to determine the possible untoward effects for intracameral anesthesia on the corneal endothelium (Kim et al., 1998).
The aim of this work was to evaluate the direct effect of intracameral injection of the commercially available lidocaine hydrochloride on the rabbits' corneal endothelium viability and ultrastructure.
MATERIALS AND METHODS
This study was done on 54 eyes of 27 pigmented rabbits. Their weight ranged between 1.25 and 2 kg.
A rabbit model was chosen because of the gross morphologic similarities between rabbit and human corneas. All animals were healthy and free of clinically detectable ocular abnormalities. The rabbits were anesthetized using intramuscular injections of kctamine hydrochloride (35 mg / kg hody weight) and xylazine 2% (5 mg / kg body weight).
The rabbits were divided into three groups. each group containing nine rabbits (18 eyes). An operating microscope was used; a wireless lid speculum was placed to separate the eyelids. The anterior chamber was entered in the superior temporal quadrant through paracentesis site using 27 gauge needle attached to one ml, tuberculin syringe. Half a milliliter of the following solutions was injected into the anterior chamber:
Group 1 :~2
36-
Lactated Ringer's solution was injected (control group).
Group 2:
I % lidocaine hydrochloride (xylocaine 1%) was injected. prepared by dilution of xylocaine 2% using lactated Ringer's solution.
Group 3:
2% lidocaine hydrochloride (xylocaine 2%) was injected (the concentration available commercially).
The injections were done in both eyes of all rabbits. Great care was taken 10 avoid touching the corneal endothelium, iris or lens. A cotton tip applicator was pressed against the wound 10 prevent wound leak as the 27 gauge needle was withdrawn.
All animals were kept in the animal house in Kasr El-Aini Hospital. Cain' University. The animals were divided into 3 sets. each made of 9 rabbits (18 c~-x), 13 rabbits (6 eyes) from each group]. The sets were sacrificed after I hour. 2 houi '. and 3 days after the anesthetic injection. After death. the eyes were enucleated and the corncoscleral buttons were removed.
The corneal buttons were examined using light microscopy, after preparation of paraffin sections and staining with Hematoxylin and Eosin.
The corneal buttons were also examined using transmission electron microscope after putting the buttons in a fixative solution of 4% glutraldehyde, then were put in phosphate buffer. then were transferred to buffered osmium tcrraoxidc, then dehydrated and stained with uranyl acetate and lead citrate.
RESULTS
Light microscopy of the corneal endothelium of the eyes in group (I). (the control group), showed normal features after one hour from the injection of lactated
Ringer's solution in all eyes. Examination of the eyes of the same group after two hours, showed transient and mild changes in the form of mild swelling or the endothelial cells. These changes disappeared after three days, and the endothelial cells returned to normal viability (Plate 1).
Transmission electron microscopy revealed normal endothelium one hour after injection. Few vacuolations appeared ill the cytoplasm of the endothelial cells two hours after injection, and then the cells returned 10 normal three days after the injec-lion (Plate 2).
In group (2) , in which the eyes of rabbits were injected with 1% xylocaine, light microscopy of the corneal endothelium showed normal configuration, when examined one hour after injection. There was mild swelling of the nuclei accompanied with cytoplasmic vacuolations in most of the eyes two hours after the injection.
These changes were reversible, and appeared only in few eyes after three days (Plate 3).
Transmission electron microscopy revealed, healthy endothelium 1 hour after injection. However, 2 hours following injection, there were some early nuclear manifestations of degeneration in the form of condensed peripheral chromation with interruption of the nuclear envelope, accompanied with cytoplasmic rarefaction in few corneas. Three days aftcr injection. no abnormalities were detected (Plate 4).
In group (3), in which the eyes of rabbits were injected with 2% xylocaine (the concentration available commercially), light microscopy of the corneal endothelium showed swollen nuclei accompanied with cytoplasmic vacuolations, when examined one hour after injection, in most of the cases. These changes had increased after two hours from injection. Irregularities of the cell membrane appeared with fragmentation of the nuclei. These changes were persistent and even increased after three days from injection. There were separation and death of the cells. In all eyes of this group, stromal edema was also present (Plate 5). Transmission electron microscopy revealed, swelling of the endothelial cells, with focal loss of microvilli, one hour after injection. Two hours after injection, there was marked cellular degeneration in the form of degenerated and fragmented nuclei which appeared electronically dense, with rarefaction of the cytoplasm and ill-defmed organelles. These nuclear and cytoplasmic degenerations were persistent and even exaggerated in all eyes three days after injection (Plate 6). (x 6000) F ig. (6 -C) l'l}rcr' tlitys alier irrjection, lhc nuclei of thc cndothelial cclls are degenr'rated, lrngnlcnled ilnd appcared electrouically densc (n). Thc cytoplasm ir highly rarified antl full of dcgenerated ill-dcfined or'-girnelles. This study tested the possible affection of rabbits' corneal endothelium using different concentrations of lidocaine Hcl, Lidocaine Hcl used in this study was preserved with methyl paraben (I mg / ml), since the unprescrved solution was not commercially available. The rabbit model was used in this study due to gross morphological similarity between rabbit and human corneas, the lower cost, and the general familiarity of the medical community with it. However, the rabbit corneal endothelium may regenerate after injury, in contrast to human endothelium in which the recovery after insult occurs by growing in size and migration of endothelial cells (Osten and Davanger, 1984). However, the specimens in this study were examined after three days maximally which is insufficient duration for endothelial regeneration which starts seven to ten days after injury (Oslen and Davanger, 1984 ).
In the current study, no viscoelastic agent was used, and the anesthetic solution injected into the anterior chamber was not washed out or diluted as in actual surgery, These conditions allowed studying the worst-case scenario, to detect the maximum toxic eefects that might result from the contact between the anesthetic agent and the corneal endothelium, In this study. lidocaine HcI was preserved with methyl paraben (l mg / ml), The results showed that. the use of IVII) lidocaine HcI was associated with insignificant changes. Two hours after injection. minimal pathological changes were detected. These changes were reversible and disappeared after three days. On the other hand. in this study injection of 2% lidocaine was associated with marked damage of the rabbits' corneal endothelium. These changes were evident in the specimens examined one hour after injection, in the form of swelling of the nuclei. vacuolations of the cytoplasm, and even beginning of necrosis of the cells. These changes were more obvious two hours after injection. in the form of nuclear fragmentation with cytoplasmic vaeuolations. In addition, transmission electron mi. croscopy revealed. more progressive and irreversible changes after three days.
These results also agreed with the results of other studies. It was reported that preservative free lidocaine was injected intracamerally in concentrations of 0.02%, 0.2% and 2%. Scanning electron microscopy revealed no abnormal findings in the eyes injected with either 0.02% or 0.2%, but the eyes injected with lidocaine 2%
showed irregular hexagonal endothelial cells and significant loss of microvilli (Kadonosono et aI., 1998). Eggeling et al. (1000) exposed porcine corneas to preservative free lidocaine Hcl 1%. 5% and 10% for 60 minutes. Lidocaine 1% in contact with the endothelium for 60 minutes did not cause any significant corneal endothelial damage. However. significant endothelial loss was observed with lidocaine 5% and 10% (I<:ggeling et al., 1000).
It was also reported that. intracarneral injection of 0.5% tetracaine Hcl did not produce any significant corneal changes in rabbits. However. injection of 4% lidocaine Hcl, 0.75% bupivacaine HcI, and 0.5% proparacaine Hcl produced significant corneal thickening and opacification (Judge et al., 1997) .
With respect to both the experimental and clinical use of intracameral lidocaine. close attention must be paid to the specifics of the anesthetic agent used. Lidocaine is manufactured by a number of companies in varying concentrations. and with different vehicles and preservatives. These vehicles and preservatives themselves can induce cytotoxic changes to the endothelium (Kim et at., 1998). It was reported that. intracameral injection of bupivacaine Hcl 0.75%. which was preserved with methyl parabcn (I mg / ml), resulted in significant rabbits' corneal endothelial toxicity as assessed by pachymctry and corneal clarity. Injection of I : 10 dilution of the same agent failed to produce any significant changes in corneal thickness or clar- In conclusion, the results of this study showed that. lidocaine 1% has no harmful effects on the cOTllC<11 endothelium of rabbits; higher concentrations can be associated with endothelial toxicity. It is recommended that, the minimal amount and concentration of intracameral anesthesia to be used based on the surgeon's surgical technique and the patient needs. Further studies arc required in humans to study the effect of intracarneral anesthesia particularly in cases of abnormal corneal endothelium.
SUMMARY
Intraocular anesthesia has the potential to become a popular and wide spread supplementary technique used in phcoemulsification. It may allow the surgeons to make the conversion to phaco easier. Surgeons also can start broadening patient criteria, making patients more eligible for topical anesthesia. Intracameral anesthesia also may prove beneficial in complicated cases, involving iris prolapse or vitreous loss, in which topical anesthesia alone may be inadequate. Therefore. the effects of intracameral lidocaine on the corneal endothelium as well as the specifications of lidocaine used deserve particular attention. The growing usc and popularity of intracameral lidocaine will demand proper knowledge of these specifications and the potential effects on the endothelium before wide spread clinical use.
This study aimed at evaluating the effect of intracameral lidocaine on the rabbit corneal endothelium. This study included S4 eyes of 27 pigmented rabbits. These eyes were divided into three groups. In the first group. lactated Ringer's solution was injected into the anterior chamber. and was considered as a control. In the second and third groups. I% and 2% lidocaine were injected into the anterior chamber. Corncas were examined after one hour, two houri> and three days using light microscopy and transmission electron microscopy. Endothelial degenerations were prominent in the eyes injected with 2% lidocaine. while minimal reversible changes were noticed in the eyes injected with I % lidocaine.
In coclusion, lidocaine I% has no harmful effects on the corneal endothelium of rabbits; higher concentrations Can be associated with endothelial toxicity. While short-term studies seem to indicate the safety of I % lidocaine. there are stiII many questions, about the long-term effect on the corneal endothelium as well as the possibility of retinal toxicity. It is recommended that. the minimal amount and concentration of intracamerul anesthesia to be used based on the surgeon's surgical technique and the patient needs. Further studies arc required in humans to study the effect of intracumcr.rl anesthesia particularly in cases of abnormal corneal endothelium.
